We study the one-loop contributions of the effective flavor changing neutral couplings (FCNC) tcZ and tcH on the electroweak precision observables Γ Z , R c , R b , R ℓ , A c and A F B c . Using the known experimental limits on these observables, we may place 95% CL bounds on these FCNC couplings which in turn translate into the following limits for the branching ratios BR(t → cZ) ≤ 6.3 × 10 −4 and BR(t → cH) ≤ 0.3 − 8.2 × 10 −5 for 114 ≤ m H ≤ 170GeV .
As soon as it was confirmed that the flavor changing neutral couplings (FCNC) of the top quark are highly suppressed in the standard model (SM) [1] , it was realized that some of its FCNC decay modes can be enhanced by several orders of magnitude in scenarios beyond the SM, and some of them falling within the LHC's reach [2] . On the other hand, the use of effective Lagrangians [3] in parametrizing physics beyond the SM has been exploited extensively in FCNC top quark decays. This formalism generates a model-independent parametrization of any new physics characterized by higher dimension operators. In particular, the use of this method to place limits on new physics effects by studing their one-loop contributions to precisely measured observables has been proved to be effective in the study of anomalous couplings of vector gauge bosons [4, 5, 6] , the top quark [7] and the tao neutrino [8] . Under this approach, several FCNC transitions have been also significantly constrained: t → cγ [5, 9] , t → cg [9, 10] , ℓ i → ℓ j γ [8, 11] and H → ℓ i ℓ j [12] . The effective Lagrangian technique has been also used to get limits on the scale Λ associated to the new physics from the oblique parameters S,T,U [13] .
In the present paper we are interested in getting the constraints imposed by the electroweak precision observables Γ Z , R c , R b , R ℓ , A c on the FCNC transitions t → cZ and t → cH. In order to perform a χ 2 fit at 95% CL, we will compute the one-loop contributions of the tcZ/H couplings to Z → cc which in turn will induce corrections to these observables.
We will use the following effective Lagrangian to parametrize the FCNC of the top quark [14] L =t{ ie
The one-loop contributions of the FCNC tcZ and tcH to the decay mode Z → cc are shown in Fig. 1 . Eventhough the anomalous vertices enter in these Feynman diagrams as a second order perturbation, we will see that the known limits on the precision observables impose stringent constraints on the couplings tcZ/tcH. This is not the case for the magnetic-dipole type couplings since their respective contributions are suppressed by an aditional 1/m t factor. The width for the decay model Z → cc may be expressed in the following form after including the one-loop corrections shown in Fig. 1 .
where the Z and H one-loop corrections are given by
with g SM V /A the SM couplings of the Z gauge boson to the c quark and
In the above expressions, we have used the definitions
and the functions F L/R and H L/R are given in terms of Veltman-Passarino functions and the dimensionless variables
We will use the above results to obtain 95% CL on each individual anomalous coupling tcZ/tcH from two-dimensional χ 2 fits to the following electroweak observables that already include the loop-induced correction to the Zcc vertex shown in Fig. 1 ,
In Figs. 2 and 3 are depicted the countours for the 95% CL on each pair of tcZ/tcH couplings for a selection of intermediate Higgs boson masses. We have used for the electroweak observables given in Eqs. (12) - (17) the values given by the Particle Data Group [15] . The upper limits obtained for the tcZ/tcH couplings can be translated into constraints on the respective branching ratios of the FCNC decay modes using the expressions
Finally, using the known expression for the SM decay width for the top quark Γ t ∼ = Γ(t → bW ) [15] , we obtain the following bounds on the FCNC decay modes of the top quark
where we have used in the latter case the intermediate mass range for the Higgs boson 114GeV ≤ m H ≤ 174GeV .
As far as we know, the limits given in Eqs. (20) and (21) are the best constraints obrtained for the FCNC decays t → cZ, cH within the reach of the broad framework presented by the effective Lagrangian approach. These bounds compare favourably with those obtained within the same approach for other FCNC top-quark decay modes: BR(t → cγ) ≤ 1.3 × 10 −3 and BR(t → cg) ≤ 3.4 × 10 −2 , both obtained from the observed b → sγ rate [5, 7, 9] .
Some extensions of the SM with non-universal couplings to fermions can give sizeable tcH couplings [2, 10] . At the one-loop level, these couplings can give rise to effective tcV couplings (V = γ, g, Z), which in turn produce branching ratios for the FCNC modes which are close to the bound shown in Eqs. (20) and (21). In particular, it was found recently [16] that alternative Left-Right symmetric models with extra isosinglet heavy fermions may generate branching ratios for the t → cH mode as high as 2 × 10 −3 . Our bounds given in Eqs. (20) and (21) clearly point to severe constraints on the parameters of this kind of models.
In conclusion, in this paper we have performed a systematic analysis of the radiate corrections induced on electroweak precision observables by the effective FCNC vertices tcZ and tcH. We have found that at the 95% CL the known values of these observables place severe constraints on the branching ratios allowed for the decay modes t → cZ, cH within the framework of the effective Lagrangian approach.
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